The present paper deals with an experimental study of the metabolic behavior of Streptomyces aureofaciens' grown in laboratory fermentors. EXPERIMENTAL 
METHODS
Standard fermentations were performed as follows: A spore suspension was inoculated into 3 L of the following medium: sucrose, 3 per cent; corn steep liquor, 1 per cent; molasses, 0.1 per cent; NaCl, 0.05 per cent; and CaCO3, 0.4 per cent. The fermentations were carried out at 27 C in 5-L fermentors (Bartholomew, Karow and Sfat, 1950) .
After 36 hours, 100 ml of the culture fluid was transferred into three liters of the fermentation standard medium (U.S. Patent 1952): sucrose, 3 per cent; corn steep, 1 per cent; CaCO3, 1 per cent; (NH4)2 SO4, 0.2 per cent) and incubated in a 5-L fermentor at 27 C.
Media were sterilized at 120 C for 60 minutes; the sucrose was separately sterilized.
Aliquots were taken from the fermentors at suitable intervals of time and the following assays were performed:
1. Weight of mycelium: 5 or 10 ml were acidified with HCI in order to dissolve the calcium salts, then filtered; the washed mycelium was dried and weighed.
2. Protein nitrogen: 5 or 10 ml of the sample were made up to 10 per cent with trichloroacetic acid (TCA) and spun. After washing the sediment with 10 per cent TCA, nitrogen was determined according to the Kjeldahl method.
3. Nucleic acids: Pentose nucleic acid (RNA) and desoxypentose nucleic acid (DNA) contents were estimated, according to Ogur and Rosen (1950) , in 1 or 2 ml of the sample. Histochemical researches, which will be published elsewhere, gave evidence that Ogur and Rosen's method for separation and extraction of nucleic acids may be used for Streptomyces (T. Scotti and P. Zoc.chi, personal communication) . The nucleic acids were spectrophotometrically estimated. The interference of the chlortetracycline was totally eliminated by ethanol and 0.2 N perchloric acid washings before the nucleic acids extraction. In the first experiments, 1 A strain of S. aureofaciens from the collection of the Farmitalia Research Laboratories, Milano, Italy, was employed in these studies. determinations of total phosphorus have been performed on the extracts containing nucleic acids; the nucleic acid amounts calculated from phosphorus assays and from absorption spectra were found to agree.
4. Determination of pH (glass electrode). 5. Determination of sucrose in medium by the method of Schaffer and Somogyi (1933) . The obtained data are too high, but more reliable than those found by anthrone methods.
6. Determination of total nitrogen by the method of Kjeldahl and of NH3 nitrogen by the method of Raynaud (1948) in the culture fluid.
7. Determination of lactic acid by the method of Barker and Summerson (1941) and of pyruvic acid by the method of Friedemann and Haugen (1943) in the culture fluid.
8. Detection of organic acids by paper chromatography with the solvents used by Cheftel, Munier, and Macheboeuf (1952) .
9. Chlortetracycline by spectrophotometric determination (Van Dyck and De Somer, 1952 figure 6 . (In the course of the paper standard medium will be indicated by "S Medium", phosphate-added medium by "SP Medium".)
Sucrose and NH3 uptake; organic acids in culture fluid. Figure 7 shows that phosphate addition stimulates sucrose and NH3-nitrogen consumption. The pH is 0. figure 10 , that increasing the amounts of phosphate in media increases the level of synthesized nucleic acids and that the rate of desoxyribonucleic acid synthesis in the first 24 hours is also increased. The correlation between the differences in the shape of growth curve and the yields of chlortetracycline is once more proved by the data recorded in table 6 . DIscUSSION
The metabolic behavior of Streptomyces aureofaciens grown in a laboratory fermentor shows two different stages, as described by Van Dyck and De Somer (1952) . The first stage is characterized by a rapid synthesis of all protoplasm constituents and by the uptake of almost all the nitrogen of the medium. In the second stage the mycelium weight is still increasing, but very slowly; protein and ribonucleic acid amounts decrease and desoxyribonucleic acid amount changes only slightly. The decrease of nucleoprotein content is not accompanied by a mycelium weight decrease or by an equivalent increase of medium nitrogen; therefore it must not be ascribed to a real lysis.
It may be assumed a partial hydrolysis of mycelium proteins occurs from which trichloroacetic acid-soluble peptides are produced which are not able to pass through the cell wall. For the above mentioned reasons, the mycelium composition remarkably changes during the growth; in fact the percentage in protein nitrogen is diminished both because of the mentioned hydrolysis and because of an accumulation of nitrogen-free materials in the growth which occurs in the second stage.
The microscopical observations by Hotchkiss staining do not show a remarkable accumulation of reserve polysaccharides. On the contrary, relative increase of the cell wall may be suggested, owing to the formation of a great deal of very thin hyphae, poorly stained by Giemsa method. These observations confirm Gottlieb and Legator's (1953) remarks on Streptomyces venezuelae and the data shown by the graph in Oyaas and coworkers' (1950) paper on chloramphenicol fermentation concerning the growth of molds after the medium is depleted of nitrogen. Chugtai and Walker (1951) found in growing cultures of Aspergillus niger an increase of mycelium weight in nitrogen-free medium and observed that 50 per cent of the increase was represented by carbon. Foster (1949) The comparison between growth curves and chlortetracycline production curves in standard medium shows that chlortetracycline production begins when a good quantity of mycelium has already developed and goes on also during the slow growth stage. The ammonium sulfate stimulates chlortetracycline production only when added to nitrogen-poor media; in this case also the mycelium growth and the DNA synthesis are stimulated. Chlortetracycline production is therefore correlated with mycelium growth. However, the effect of phosphate addition on growth, nucleic acids synthesis and chlortetracycline synthesis, shows that antibiotic production is not linked with protein synthesis. This assumption is supported by the effect of phosphate on chlortetracycline production. In fact, chlortetracycline yields are lower in phosphate-containing media from the beginning of the antibiotic production, that is, also in the stage in which the mycelium growth is stimulated by phosphate.
The inhibition of antibiotic production is even more evident in media more rich in nitrogen, notwithstanding the fact that the added phosphate allows the synthesis of greater amounts of both nucleic acids. The reason for this inhibition is still obscure. It may only be said, at present, that the inhibiting effect of phosphate on chlortetracycline production always occurs together with changes of the mold metabolic behavior which lead to a more rapid initial growth and to an inhibition of the second stage growth.
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SUMMARY
The growth and metabolism of Streptomyces aureofaciens in fluid culture have been studied. The carbohydrates and nitrogen consumption, mycelium growth, nucleic acids and protein synthesis and chlortetracycline synthesis have been determined. The metabolic behavior of Streptomyces aureofaciens has also been studied in media with addition of K2HPO4 and (NH4)2SO4. The correlation between the synthesis of chlortetracycline and the over-all picture of fermentation has been considered. E. J. JOHNSON AND A. R. COLMER inhibition, and more 2,4-D was required to produce complete inhibition of the amino acid production or ammonia production. It is interesting to note the rise both in amino acid and ammonia production after the 12th day of the test. The ammonia production was quite marked after this period. From microscopic examinations of the contents of the flasks, together with a qualitative sampling by plating out on appropriate media, it appeared that these changes were a reflection of the activity of the rod-shaped bacteria rather than of the actinomycetes and fungi. SUMMARY A 5,000 ppm concentration of 2,4-dichlorophenoxyacetic acid (2,4-D) inhibited the action of P. fluorescens on the amino acid substrate when either the utilization of it or the production of ammonia from it served as a gauge of activity. Concentrations of 2,4-D less than 5,000 ppm had but little effect on the organism.
The production of amino acids and ammonia from gelatiii by the microorganisms of a soil suspension was inhibited by 20,000 ppm of 2,4-D. Concentrations of 5,000 and 10,000 ppm inhibited these activities during the first period of incubationi; with 5,000 ppm, however, there was a marked recovery of activity in the later periods.
